9 1. Macroalgal (seaweed) beds and forests fuel coastal ecosystems and are rapidly 10 reorganising under global change, but quantifying their functional structure still relies on 11 binning species into coarse groups on the assumption that they adequately capture relevant 12 underlying traits. 13 2. To interrogate this "group gambit", we first measured 12 traits relating to competitive 14 dominance and resource economics across 95 macroalgal species collected from UK rocky 15 shores. We then assessed trait variation explained by traditional grouping approaches 16 consisting of (i) two highly-cited schemes based on gross morphology and anatomy and (ii) 17 two commonly-used categorisations of vertical space use. To identify the limitations of 18 traditional grouping approaches and to reveal potential alternatives, we also assessed the 19 ability of (iii) emergent groups created from post hoc clustering of our dataset to account for 20 macroalgal trait variation. 21 3. (i) Traditional groups explained about a third of multivariate trait expression with 22 considerable group overlap. (ii) Classifications of vertical space use accounted for even less 23 multivariate trait expression. Notwithstanding considerable overlap, the canopy vs. turf 24 scheme explained significant differences in most individual traits, with turf species tending to 25 display attributes of opportunistic forms. (iii) Emergent groups were substantially more 26 parsimonious than all existing grouping approaches. 27 4. Synthesis: Our analysis using a comprehensive dataset of directly measured functional 28 traits failed to strongly support the group gambit in macroalgae. While existing grouping 29 approaches may allow first order approximations, they risk considerable loss of information 30 at the trait and, potentially, ecosystem levels. We call for further development of a trait-based 31 approach to macroalgal functional ecology to capture unfolding community and ecosystem 32 changes with greater accuracy and generality. 33 3 KEYWORDS 34 Canopy; emergent groups; functional diversity; functional traits; Littler and Littler; seaweed; 35 Steneck and Dethier; turfs 36 37 38
position on the economics spectrum: Thallus Dry Matter Content (TDMC; a) is the ratio 146 between dry and wet mass and represents the proportion of structural compounds and water-147 filled -and therefore mainly photosynthetically active -tissues (Elger & Willby, 2003; 148 Littler & Littler, 1981; Schonbeck & Norton, 1979) . Frond thickness (b) also increases with 149 the amount of structural tissue, providing resistance to physical stress and herbivore grazing 150 Thallus Area (STA; f), analogously to Specific Leaf Area (Wilson, Thompson, & Hodgson, 155 1999) , captures light-and nutrient-absorbing surfaces and increases with the extent of low 156 density, water-filled, photosynthetically-active tissues relative to recalcitrant, structural measurements taken haphazardly along the fronds (Digital Micrometers Ltd, DTG03 0.005, 183 DML3032 0.001 mm, Sheffield, UK), avoiding when applicable the midrib. Individuals were 184 displayed on a lightbox (MiniSun A1, Manchester, UK) and photographed (Pentax K3 digital 185 camera, SMC DA L 18-55 mm, Tokyo, Japan), scanned (Epson Perfection V600, V39, Suwa, 186 Japan), or photographed with an imaging microscope (Leica S8AP0, Wetzlar, Germany, 187 affixed with GT Vision GXCAM-H3, Sudbury, UK). We measured frond (when 188 differentiated) or whole-individual surface area (mm²) and whole-individual perimeter (mm) 189 using the software ImageJ (Schneider, Rasband, & Eliceiri, 2012) , and calculated SA:V (mm² 190 mL -1 ), STA (mm² g -1 ), and SA:P. Volume (mL) was measured by water displacement. To 191 obtain C and N content and C:N, powderised samples were run through an elemental 192 analyser. 193 194
Categorisation of species into functional groups 195
We allocated species to the groups defined by Littler and Littler as well as Steneck 196 and Dethier based on a review of the literature (Table S2 ). The species we screened belonged 197 to five traditional groups: 'filamentous', 'sheet', 'coarsely branched', 'thick leathery ' and 198 'articulate calcareous' for Littler and Littler's functional-form model, and five groups defined 199 by Steneck and Dethier (1994), 'filamentous (S)', 'foliose', 'corticated', 'leathery' and 200 'articulated calcareous', in increasing order of cortication. Although both schemes contain 201 groups with similar or identical names, they were originally defined using different 202 approaches and are not assumed a priori to be analogous. We also tested Steneck and 203
Dethier's detailed classification, which includes two subgroups (Supplementary information, 204 section 1). We used two common classifications of vertical space use: the binary canopy vs. 205 turf scheme and a three-level canopy/subcanopy/turf classification adapted from Arenas et al. 206 (2006) . Turfs were considered macroalgae with little to no three-dimensional structure 207 compared with kelp and other canopy-forming macroalgae that form a dense layer of fine 208 filaments, branches, or plumes on the substratum (Filbee-Dexter & Wernberg, 2018). This 209 broad definition of turf macroalgae allowed classification of all species within our study. 210
Location along the canopy is somewhat community-dependent, so we categorised species 211 into the three-level scheme based on what we judged was the most common scenario on the 212 rocky shores screened. 213 214
Data analysis 215
We performed all analyses on R 3.5.3 (R Core Team, 2019) and plotted graphical 216 results using ggplot2 (Wickham, 2009 ) and ggpubr (Kassambara, 2019). Prior to running 217 analyses on species-level traits, we examined individual-level trait variability through 218 boxplots and Kruskal-Wallis one-way analyses of variance ( Fig. S1 ). Species trait averages 219
were transformed to bring their distribution as close to normality as possible and to reduce 220 differences in scale across traits (Table S5 ). To examine the distribution of individual traits 221 among traditional groups, smoothed density curves for each of the eleven continuous 222 functional traits studied were drawn. To assess whether groups differed from each other, we 223 ran pairwise Wilcoxon signed-rank tests on every group pair. 224
We imputed the four percent of average trait values that were missing from the dataset 225 (function "mice" in eponymous R package; (van Buuren & Groothuis-Oudshoorn, 2011) to 226 then reduce the dimensionality of the data using a Principal Coordinate Analysis (PCoA; 227 function "cmdscale"). A sensitivity analysis revealed that the PCoA scores and those of a 228
Principal Component Analysis (PCA) run on the same dataset (minus the binary trait 229 'pneumatocysts'), i.e., the general position of species in trait space, were affected to some 230 extent by the dimensionality reduction method (Fig. S2 ). We favoured a PCoA because it 231 allowed us to include pneumatocyst presence and because it accounted for underlying trait 232 correlations without assuming linearity, which many of the trait pairs violated (Table S6) . 233
The PCoA was run on a weighted Gower matrix (function "daisy" in "cluster"; Maechler, 234 Rousseeuw, Struyf, Hubert, & Hornik, 2019), with equal weighting to traits associated with 235 photosynthesis, structural integrity, space use, and complexity (Table S5 ). To assess the 236 strength of association between the principal coordinates and each trait, we ran linear 237 regressions between the scores of the first three PCoA axes and the twelve traits studied. 238
Two clustering methods were used to create emergent groups from the weighted 239 built on the premise that morphology and anatomy capture interspecific differences in 364 physiology and function. Our finding of limited precision, accuracy, and stability of such 365 groups suggests that anatomy (mainly, cortication) and morphology (gross form and 366 branching order) fail to reliably capture variation in functional traits among species. The 367 considerably better performance of emergent grouping is to be expected due to its post hoc 368 nature, but indicates that the underlying limitation of traditional categorisations of macroalgal 369 form is not grouping per se, but the very basis of groups in gross anatomy and morphology. 370
Assuming functional traits are more direct proxies of physiology and potential contributions 371 to ecosystem functions, Littler and Littler's and Steneck and Dethier's schemes do not 372 provide a strong link between form and function. 373
In seeming contrast to our results, traditional classifications have been reported to 374 account for functional properties, from photosynthetic rates to susceptibility to grazing (e.g., 
